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(54) Diagnostic imaging apparatus for obtaining characteristic quantity based on positional
relationship between positions of interest in images of object

(57) In a diagnostic imaging apparatus: a position-
of-interest determination unit determines a plurality of
positions in a plurality of images of a predetermined part
of an object which are taken during movement of the
predetermined part, to be positions of interest in the plu-

rality of images, where the determined positions in the
plurality of images correspond to a predetermined posi-
tion in the predetermined part; and a characteristic-
quantity calculation unit calculates a characteristic
quantity indicating a positional relationship between the
positions of interest in the plurality of images.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a diagnostic
imaging apparatus which outputs information on a pre-
determined part of an object based on a plurality of im-
ages of the predetermined part which are taken during
movement of the predetermined part.

Description of the Related Art

[0002] The following documents (1) and (2) disclose
information related to the present invention.

(1) Japanese Unexamined Patent Publication No.
2002-109550
(2) U.S. Patent Laid-Open NO. 20020057828

[0003] Conventionally, various radiographic-image
recording apparatuses have been proposed, where
those radiographic-image recording apparatuses apply
radiation to an object such as a human body, and record
a radiographic image by exposing a film or the like to
the radiation which has passed through the object.
[0004] In addition to the radiographic-image recording
apparatuses which record an image on a film by directly
exposing the film to the radiation, for example, the fol-
lowing types of radiographic-image recording appara-
tuses have been proposed. The first type of radiograph-
ic-image recording apparatuses use a solid-state radia-
tion detector which records a radiographic image by
storing electric charges generated by application of ra-
diation, where the quantities of the stored electric charg-
es correspond to exposure doses. The second type of
radiographic-image recording apparatuses use an ac-
cumulative fluorescent sheet, which is constituted by a
base and an accumulative fluorescent layer formed on
the base. The accumulative fluorescent layer stores por-
tions of radiation energy, and emits stimulated phospho-
rescent light according to the stored radiation energy
when excitation light is applied to the accumulative flu-
orescent layer.
[0005] For example, the radiographic images record-
ed by the above radiographic-image recording appara-
tuses are developed in a radiographic film, or read as
an image signal and displayed as a visible image on a
monitor based on the image signal. Thus, physicians
can perform image diagnosis by observing the radio-
graphic film or the visible image on the monitor.
[0006] In addition, various methods for reading as an
image signal a radiographic image recorded as above,
calculating a predetermined characteristic quantity
based on the image signal, and performing diagnosis
based on the characteristic quantity have been pro-
posed. For example, aforementioned document (1) pro-

poses a technique in which contours of a cardiothoracic
region (i.e., a region including a thorax and a heart) are
automatically detected based on an image signal repre-
senting a radiographic image of a chest, the widths of
the thorax and the heart are automatically measured
based on the automatically detected contours, a cardi-
othoracic ratio is calculated based on the automatically
measured widths, and a diagnosis is performed based
on the cardiothoracic ratio.
[0007] Further, aforementioned document (2) propos-
es a technique in which measurement points in a spine
image are automatically set based on an image signal
representing a radiographic image of a spine, a charac-
teristic quantity is automatically measured in accord-
ance with a measurement method which is stored in ad-
vance, and image diagnosis is performed based on the
automatically measured characteristic quantity.
[0008] However, the radiographic images which are
produced by the conventional radiographic-image re-
cording apparatuses and provided for image diagnosis
are still images. Therefore, it is impossible to perform
functional diagnosis in which abnormality in a predeter-
mined part (e.g., a joint) of a human body which appears
during movement of the predetermined part is diag-
nosed, although morphological diagnosis can be per-
formed.

SUMMARY OF THE INVENTION

[0009] The present invention has been developed in
view of the above circumstances.
[0010] It is an object of the present invention to pro-
vide a diagnostic imaging apparatus which outputs in-
formation on a predetermined part of an object based
on images of the predetermined part which are taken,
and enables functional diagnosis as well as morpholog-
ical diagnosis.
[0011] In order to accomplish the above object, the
present invention is provided. According to the present
invention, there is provided a diagnostic imaging appa-
ratus comprising: a position-of-interest determination
unit which determines a plurality of positions in a plural-
ity of images of a predetermined part of an object which
are taken during movement of the predetermined part,
to be positions of interest in the plurality of images,
where the plurality of positions in the plurality of images
correspond to a predetermined position in the predeter-
mined part; and a characteristic-quantity calculation unit
which calculates a characteristic quantity indicating a
positional relationship between the positions of interest
in the plurality of images.
[0012] In the diagnostic imaging apparatus according
to the present invention, the plurality of images of the
predetermined part are taken while the predetermined
part is being intentionally moved by the person as the
object, or by another person.
[0013] In addition, one of the plurality of images may
be taken at the time at which the movement of the pre-
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determined part begins or ends.
[0014] For example, the positions of interest may cor-
respond to a head of humerus, a capitulum of humerus,
or a styloid process in the case where the predetermined
part is a joint of an arm, or a head of femur or an apex
of patella in the case where the predetermined part is a
joint of a leg.
[0015] For example, in the case where a position of
interest in a first one of the plurality of images is mapped
onto a second one of the plurality of images, the char-
acteristic quantity may be the distance between the po-
sition of interest in the first one of the plurality of images
and the corresponding position of interest in the second
one of the plurality of images, the direction from the po-
sition of interest in the first one of the plurality of images
to the corresponding position of interest in the second
one of the plurality of images, or a path of a movement
from the position of interest in the first one of the plurality
of images to the corresponding position of interest in the
second one of the plurality of images.
[0016] The diagnostic imaging apparatus according
to the present invention may further comprise an auto-
matic diagnosis unit which outputs information on the
predetermined part of the object, based on the charac-
teristic quantity.
[0017] The information on the predetermined part
may be information which is derived from the character-
istic quantity and is directly related to diagnosis, e.g.,
information indicating whether or not the predetermined
part is normal or information indicating a degree of ab-
normality of the predetermined part. Alternatively, it is
possible to output the characteristic quantity per se as
the information on the predetermined part.
[0018] When information indicating whether or not the
predetermined part is normal is outputted, it is possible
to easily perform functional diagnosis, as well as mor-
phological diagnosis, based on the information.
[0019] The predetermined part may be a joint of a hu-
man body. In this case, it is possible to easily perform
functional diagnosis of the joint.
[0020] The plurality of images may be a plurality of
radiographic images which are taken by applying radi-
ation to the predetermined part during the movement of
the predetermined part.
[0021] In the above case, a marker may be attached
to the predetermined part, and the position-of-interest
determination unit may determine positions of images
of the marker which are formed in the plurality of radio-
graphic images by radiations which have passed
through the marker, to be the positions of interest, to be
the positions of interest. In this case, it is possible to
easily determine the positions of interest even when the
diagnostic imaging apparatus has a simple construc-
tion.
[0022] The above marker may be realized by anything
which has a different transmittance from the object and
can be discriminated from images around the images of
the marker.

[0023] The plurality of radiographic images may be
taken by using a solid-state radiation detector which
generates and stores electric charges when the solid-
state radiation detector is irradiated with radiation. In
this case, it is possible to easily take the plurality of im-
ages of the predetermined part of the object during the
movement of the part.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIG. 1 is a block diagram illustrating an outline of a
construction of a diagnostic radiographic imaging
apparatus according to an embodiment of the
present invention.
FIG. 2A is a perspective view illustrating an outline
of a construction of a solid-state radiation detector
used in the diagnostic radiographic imaging appa-
ratus of FIG. 1.
FIG. 2B is a cross-sectional view of a portion a of
the solid-state radiation detector of FIG. 1.
FIG. 3 is a schematic view of a circuit formed in an
electric-signal detection layer of the solid-state ra-
diation detector illustrated in FIGS. 2A and 2B.
FIGS. 4A and 4B are diagrams provided for explain-
ing operations of the diagnostic radiographic imag-
ing apparatus of FIG. 1.
FIGS. 5A and 5B are diagrams provided for explain-
ing positions of interest.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0025] An embodiment of the present invention is ex-
plained in detail below with reference to the attached
drawings.
[0026] A diagnostic radiographic imaging apparatus
according to an embodiment of the present invention is
explained below. FIG. 1 is a block diagram illustrating
an outline of a construction of the diagnostic radiograph-
ic imaging apparatus according to the embodiment.
[0027] As illustrated in FIG. 1, the diagnostic radio-
graphic imaging apparatus of FIG. 1 comprises a solid-
state radiation detector 10, a position-of-interest deter-
mination unit 20, a characteristic-quantity calculation
unit 30, and an automatic diagnosis unit 40. The solid-
state radiation detector 10 generates and stores electric
charges when the solid-state radiation detector 10 is ir-
radiated with a radiation. The position-of-interest deter-
mination unit 20 selects two radiographic images from
among a plurality of radiographic images outputted from
the solid-state radiation detector 10, and determines po-
sitions of interest in the two radiographic images. The
characteristic-quantity calculation unit 30 calculates a
characteristic quantity which indicates a positional rela-
tionship between the positions of interest in the two ra-
diographic images which are determined by the posi-
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tion-of-interest determination unit 20. The characteris-
tic-quantity calculation unit 30 outputs information indi-
cating whether or not a predetermined part of a human
body is normal, based on the characteristic quantity cal-
culated by the characteristic-quantity calculation unit 30,
where the human body is an object of the plurality of
radiographic images.
[0028] FIG. 2A is a perspective view illustrating an
outline of a construction of the solid-state radiation de-
tector 10 used in the diagnostic radiographic imaging
apparatus of FIG. 1, and FIG. 2B is a cross-sectional
view of a portion a of the solid-state radiation detector
10. As illustrated in FIG. 2, in the solid-state radiation
detector 10, an electrode layer 1, a radiation detection
layer 2, and an electric-signal detection layer 3 are
formed in this order. The electrode layer 1 allows radia-
tion for recording to pass through. The radiation detec-
tion layer 2 generates electric charges when the radia-
tion detection layer 2 is irradiated with the radiation
which has passed through the electrode layer 1. The
electric-signal detection layer 3 detects as electric sig-
nals the electric charges generated in the radiation de-
tection layer 2.
[0029] As illustrated in FIG. 2B, in the electric-signal
detection layer 3, a great number of detection elements
35 are two-dimensionally arranged on a surface of a
substrate 34. Each of the detection elements 35 is com-
prised of a TFT (thin-film transistor) switch 31, a pixel
capacitance 32, and a pixel electrode 33.
[0030] FIG. 3 is a schematic plan view of a circuit
formed in the electric-signal detection layer 3. Each ca-
pacitor realized by the pixel electrode 33 and the pixel
capacitance 32 stores an electric charge generated in
the radiation detection layer 2 by irradiation with the ra-
diation. The TFT switch 31 can be controlled on and off
through a scanning line 51 (which is provided for each
row) by a control signal generated by a scanning-line
driver unit 50. Thus, an electric charge stored in the ca-
pacitor connected to the TFT switch 31 can be read out.
Then, an electric signal corresponding to the electric
charge can be read out through a signal line 52, an am-
plifier 53, a multiplexer 54, and an analog-to-digital con-
verter 55.
[0031] The solid-state radiation detector 10 of this em-
bodiment takes a radiographic image of a predeter-
mined part (e.g., a joint in an arm or leg) of a human
body at intervals of 0.5 micrometers during movement
of the predetermined part. Then, the solid-state radia-
tion detector 10 outputs to the position-of-interest deter-
mination unit 20 image signals representing a plurality
of radiographic images of the predetermined part which
are taken by the solid-state radiation detector 10 at in-
tervals of 0.5 micrometers.
[0032] The position-of-interest determination unit 20
operates as follows.
[0033] First, the position-of-interest determination
unit 20 selects two radiographic images from among the
plurality of radiographic images which are inputted to the

position-of-interest determination unit 20. For example,
in the case where images of states of an arm during an
upward movement of the arm are taken by the solid-
state radiation detector 10, a first radiographic image P1
of a first state and a second radiographic image P2 of a
second state are selected, where the arm is down in the
first state, and the arm is moving upward in the second
state. The first radiographic image P1 (the first one of
the plurality of radiographic images) is a radiographic
image of the first state, and the selection of the second
radiographic image P2 can be realized by selecting a
radiographic image which is inputted when a predeter-
mined time elapses after the first radiographic image P1
is inputted. The predetermined time is preset in the po-
sition-of-interest determination unit 20.
[0034] FIGS. 4A and 4B show corresponding portions
in examples of the first and second radiographic images
P1 and P2. In each of FIGS. 4A and 4B, the correspond-
ing portions of the first and second radiographic images
P1 and P2 are superimposed on each other, contours
in the first radiographic image P1 are indicated by solid
lines, and contours in the second radiographic image
P2 are indicated by dashed double-dotted lines.
[0035] As described above, according to the present
embodiment, the position-of-interest determination unit
20 selects two radiographic images from among the plu-
rality of radiographic images inputted into the position-
of-interest determination unit 20. Alternatively, it is pos-
sible to input only two radiographic images into the po-
sition-of-interest determination unit 20, where the two
radiographic images are designated in advance from
among the plurality of radiographic images which are
taken. Further, it is also possible to detect a position of
interest from every radiographic image which is taken.
[0036] Secondly, at least one position of interest in
each of the first and second radiographic images P1 and
P2 is determined. In the examples of FIGS. 4A and 4B,
a predetermined point A in a head of humerus, a prede-
termined point B in a capitulum of humerus and a pre-
determined point C in a styloid process are determined
as positions of interest in the first radiographic image P1.
[0037] The above positions of interest can be deter-
mined in any way. For example, it is possible to deter-
mine a contour image of bones, and determine each po-
sition of interest based on a positional relationship with
the contour image. In this case, the positional relation-
ship between the contour image and the position of in-
terest may be preset. Alternatively, it is possible to place
in advance a marker exhibiting a different transmittance
from a human body with respect to radiations, on a pre-
determined position around a joint of the human body,
take a radiographic image of a part containing the joint
and the marker by irradiating the joint with radiation, and
determine the position of the image of the marker pro-
duced by a portion of the radiation which has passed
through the marker, to be the position of interest. The
marker can be made of, for example, lead, which shades
the radiation. When the marker is made of lead, the im-
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age of the marker can be detected by comparing the
magnitude of an image signal representing the radio-
graphic image with a predetermined threshold value,
and detecting a position of a portion of the radiographic
image in which the magnitude of the image signal is
greater than the threshold value, as the position of the
image of the marker (in the case where the magnitude
of the image signal increases with decrease in the trans-
mittance). The maker may have any shape which can
be detected as a position of interest, for example, a
round or rectangular shape.
[0038] In addition, as illustrated in FIGS. 4A and 4B,
points A', B', and C' are determined to be positions of
interest in the second radiographic image P2 in corre-
spondence with the points of interest A, B, and C in the
first radiographic image P1.
[0039] Thirdly, the position-of-interest determination
unit 20 outputs to the characteristic-quantity calculation
unit 30 the coordinates of positions of interest in the first
and second radiographic images P1 and P2 which are
determined as above. Then, the characteristic-quantity
calculation unit 30 calculates, based on the above co-
ordinates, the distances between the points A and A', B
and B', and C and C' as the characteristic quantities cor-
responding to the positions of interest A, B, and C.
[0040] Next, the calculated characteristic quantities
for the points A, B, and C are outputted to the automatic
diagnosis unit 40, in which characteristic quantities for
a normal human body and sick human bodies having
predetermined diseases are stored in advance. The au-
tomatic diagnosis unit 40 compares the calculated char-
acteristic quantities corresponding to the points A, B,
and C with the characteristic quantities for the normal
and sick human bodies. For example, when the calcu-
lated characteristic quantities are close to the charac-
teristic quantities for the normal human body, the auto-
matic diagnosis unit 40 outputs information indicating
that the examined part of the object is normal. On the
other hand, when the calculated characteristic quanti-
ties are close to characteristic quantities corresponding
to a human body having one of the predetermined dis-
eases, the automatic diagnosis unit 40 outputs informa-
tion indicating the disease. The information indicating
that the examined object is normal or the information
indicating a disease may be displayed on a display
means such as a monitor.
[0041] In the diagnostic radiographic imaging appara-
tus according to the present embodiment, a plurality of
radiographic images of predetermined part (e.g., a joint)
of a human body are taken during movement of the pre-
determined part, and positions in the plurality of radio-
graphic images corresponding to a predetermined posi-
tion around the predetermined part are determined to
be positions of interest. Then, at least one characteristic
quantity indicating a positional relationship between the
corresponding positions in the plurality of radiographic
images is calculated, and information indicating whether
or not the predetermined part of the human body is nor-

mal is outputted based on the at least one characteristic
quantity. Therefore, it is possible to easily perform func-
tional diagnosis of the predetermined part, as well as
morphological diagnosis, based on the above informa-
tion.
[0042] The diagnostic radiographic imaging appara-
tus according to the present embodiment can be modi-
fied as follows.

(i) Although, in the above embodiment, a distance
between positions of interest is calculated as a
characteristic quantity, the characteristic quantity is
not limited to the distance, and any quantity indicat-
ing a positional relationship between corresponding
positions of interest can be obtained as a charac-
teristic quantity. For example, it is possible to calcu-
late a characteristic quantity by utilizing a direction
of movement of a position of interest, a path of
movement, or the like.
(ii) Although, in the above embodiment, information
on an arm is outputted based on radiographic im-
ages of an upward movement of an arm, the present
invention is not limited to application to such move-
ment of such a part of a human body. For example,
it is possible to output information on respective
parts of a human body based on radiographic im-
ages of, for example, movement of a lower arm and
a hand under a fixed upper arm or a bending-
stretching movement of a leg. In the case of move-
ment of a lower arm and a hand under a fixed upper
arm, for example, it is possible to determine a pre-
determined position in a capitulum of humerus or a
predetermined position in a styloid process to be a
position of interest. On the other hand, in the case
of a bending-stretching movement of a leg, it is pos-
sible to determine a predetermined position D in a
head of a femur or a predetermined position E in an
apex of a patella (as illustrated in FIG. 5A or 5B) to
be a position of interest.
(iii) The automatic diagnosis unit 40 can also output
information indicating a degree of abnormality of a
predetermined part of a human body as well as the
information indicating whether or not the predeter-
mined part is normal. An example of the information
indicating a degree of abnormality is information in-
dicating by an evaluation point a degree of aggra-
vation in subdeltoid bursitis. Alternatively, it is pos-
sible to output a numerical value indicating a char-
acteristic quantity per se.
(iv) In the above embodiment, information on a part
of which radiographic images are taken by using a
solid-state radiation detector is outputted based on
the radiographic images. However, the radiograph-
ic images need not be taken by using a solid-state
radiation detector, and may be taken by any means
which can take a plurality of radiographic images
while a desired part of an object is moving.
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[0043] All of the contents of Japanese patent applica-
tion No. 2002-317609 are incorporated into this specifi-
cation by reference.

Claims

1. A diagnostic imaging apparatus comprising:

a position-of-interest determination unit which
determines a plurality of positions in a plurality
of images of a predetermined part of an object
which are taken during a movement of the pre-
determined part, to be positions of interest in
the plurality of images, where the plurality of po-
sitions in the plurality of images correspond to
a predetermined position in the predetermined
part; and
a characteristic-quantity calculation unit which
calculates a characteristic quantity indicating a
positional relationship between the positions of
interest in the plurality of images.

2. A diagnostic imaging apparatus according to claim
1, further comprising an automatic diagnosis unit
which outputs information on said predetermined
part of said object, based on said characteristic
quantity.

3. A diagnostic imaging apparatus according to either
one of claims 1 and 2, wherein said predetermined
part is a joint of a human body.

4. A diagnostic imaging apparatus according to either
one of claims 1 to 3, wherein said plurality of images
are a plurality of radiographic images which are tak-
en by applying a radiation to said predetermined
part during the movement of the predetermined
part.

5. A diagnostic imaging apparatus according to claim
4, wherein a marker is attached to said predeter-
mined part, said plurality of images are a plurality
of radiographic images, and said position-of-inter-
est determination unit determines positions of im-
ages of said marker to be said positions of interest,
where said images of the marker are respectively
formed in said plurality of radiographic images by
radiations which have passed through the marker.

6. A diagnostic imaging apparatus according to either
one of claims 4 and 5, wherein said plurality of ra-
diographic images are taken by using a solid-state
radiation detector which generates and stores elec-
tric charges when the solid-state radiation detector
is irradiated with a radiation.

9 10



EP 1 416 442 A2

7



EP 1 416 442 A2

8



EP 1 416 442 A2

9



EP 1 416 442 A2

10



EP 1 416 442 A2

11


	bibliography
	description
	claims
	drawings

